138 hydroxy JA and 12-hydroxy JA sulphate (12-HSO 4 -JA) were formed to a lesser extent (Figure 1, 139 Table 1 ) Miersch et al. 1987 ). Cucurbic acid (CA) which may also be recognized as a 140 phytohormone and synthesized by a so far unknown pathway has been also detected in trace 141 amounts Miersch et al. 1987 ).
142 Overall eight hydroxy JAs (11-hydroxy JA, 12-hydroxy JA or tuberonic acid (TA), 8-hydroxy 143 JA, 3-oxo-2(1-hydroxy-2'-pentenyl)-cyclopentane-1-butanoic acid and 3-oxo-2(4-hydroxy-2'-144 pentenyl)-cyclopentane-1-butanoic acid) were detected in the culture medium and biomass of L.
145 theobromae strain D7/2 growing in a medium containing sucrose, soy flour, corn steep liquor 146 and a mineral salt solution (Miersch et al. 1991) . Twenty-two jasmonates were identified after 8 147 weeks of culture of Fusarium oxysporum f sp matthiole strain 247.61 grown in liquid potato-148 dextrose medium under static conditions (Miersch et al. 1999a ). Among the metabolites 149 produced, 9,10-dihydro-7-iso-jasmonoyl-isoleucine, jasmonoyl-isoleucine, 9,10-dihydro 150 jasmonoyl-isoleucine, 3-oxo-2-(2-pentenyl)cyclopentane-1-butyric acid, 3-oxo-2-(2-151 pentenyl)cyclopentane-1-hexanoic acid and 3-oxo-2-pentylcyclopentane-1-octanoic acid were 152 identified. These isoleucine conjugates were also produced during the culture of Gibberella 153 fujikuroi (Miersch et al. 1992 ). Interestingly, F. oxysporum f sp mattiole was unable to 154 accumulate any hydroxylated-JAs as shown for L. theobromae (Miersch et al. 1993b ).
155 The occurrence of the JA-serine and JA-threonine conjugates was confirmed in the fermentation 156 broth from L. theobromae strain 2334 using HPLC-ESI tandem mass spectrometry in negative 157 ionization mode, while JA-glycine and JA-isoleucine conjugates were identified with the same 158 technique but with positive ionization (Castillo et al. 2014 ). In higher plants, JA amino 159 conjugates are regular constituents accumulating upon sorbitol treatment or wounding (Miersch 160 et al. 1999a ).
161 While the conjugating enzyme was first isolated form the flowering plant Arabidopsis thaliana 162 (Staswick et al. 2002) , the corresponding peptidase activity was isolated from L. theobromae 163 strain D 7/2 (Hertel et al. 1997 ). This enzyme was capable of hydrolysing JA-conjugates with α-164 amino acids. The enzyme was purified by gel filtration, ion exchange and hydrophobic 165 interaction chromatography. It was characterized as glycoprotein with a molecular mass of about 166 107 kDa and its amidohydrolase activity was very specific with regard to (-)-JA and α-amino 167 acids with (S)-configuration. Therefore, the authors suggested that this fungus may need this 168 enzyme during infection of the host plant for starting or modifying plant processes, e.g.
169 senescence or the release of nutrients, probably being beneficial for the fungal growth. 312 Therefore, numerous chemical synthesis strategies for obtaining JA, JAMe and other derivatives 313 have been developed. In that way, the synthesis of JAMe and methyl curcubate (CAMe; Figure   314 2B, free fatty acid is shown as compound 1) have been reported by using 2-allylcyclohexan-1,3-315 dione as starting compound and hydroboration-oxidation followed of seven or eight steps for the 316 first and second product, respectively (Kitahara et al. 1987 ). Moreover, the same authors 317 improved the total yield for JAMe to up to 20% in twelve reaction steps by improving the 318 stereoselectivity of the hydroboration-oxidation by using 3-hydroxy methylcyclopentanone as 319 starting compound (Kitahara et al. 1991) .
320 Shortly after these reports, racemic 7-substituted derivatives of JAMe have been synthesized 321 (Taapken et al. 1994 ). 7-Methyl JAMe was also synthesized in enantiomerically pure form in 7
322 steps from the Hajos-Wichert ketone. In addition, the biological activity of the prepared 323 compounds has been investigated for the induction of tendril coiling in Bryonia dioica and the 324 elicitation of the phytoalexin production in Eschscholtzia californica. However, beside 7-methyl 325 JAMe all synthesized compounds showed poor activity in the bioassays (Taapken et al. 1994 ). 340 Secatto proposed a racemic synthesis of JA involving additional steps to obtain higher yields 341 (Secatto 2013). This would envisage an application at industrial scale. This synthetic route 342 consisted of 7 steps with an overall yield of 30%. The improvement of this route is due to the use 343 of an available starting compounds without hygroscopic characteristics and no requirement for 344 any pretreatment and easy handling. Moreover, the starting materials (adipic acid and 345 cyclohexane and ethanol as solvents) are not expensive, leading overall to low production costs.
346 Two macrolactones (JA-Ile-lactones) derived from 12-OH-JA-Ile were synthesized in 7 steps 347 with an overall yield of 33% from commercially available JAMe (Jimenez-Aleman et al. 2015b).
348 The biological activity of macrolactones was tested for their ability to elicit nicotine production, 393 The highest rates for JA production were described however for Diplodia gossypina strain 441 Under static conditions, some Lasiodiplodia strains formed a mat on the surface of the culture 442 medium (Eng 1996) . Therefore, the effect of the available surface area by increasing the vessel 443 size may be another critical aspect for JA production. This was confirmed by a study on JA 444 production by L. theobromae strain MTCC 3068 using the same amount of culture medium with 447 In another study, the surface of the culture (100-500 mL) was simultaneously increased with the volume of 448 the culture medium (25-100 mL). Here, JA production was highest at the largest surface area in 502 Jasmonates are also used as skin care and hair care products, e.g., for treating hair, the scalp, dry 516 There is a great of diversity of JAs that are produced by microorganisms, but JA, JAMe and 517 dihydroJAMe are the one being most intensively studied because of their value in numerous 518 applications. In the fungus L. theobromae, plant-type jasmonate derivatives such as hydroxy and 519 amino acids conjugates, as methyl and sulphate ester occur. In addition, derivatives being 520 specific for fungi such as hydroxy-lactones, didehydro or dihomo-JAs are found. However, till 521 today the function of jasmonates being produced by these microorganisms is not known.
522 However, it is tempting to assume that they are involved regulating the interaction between 523 plants and microorganisms.
524 Strategies to produce jasmonates via chemical synthesis suffer still from low yields. In case of 525 microbial production strategies, a number of promising strains from the genus Lasiodiplodia and 526 Diplodia have been selected, but they suffer from producing jasmonate mixtures and elaborated 527 product purification strategies are required to develop an industrial processes for jasmonate 528 production.
529 The knowledge gained so far provides a promising basis for additional research on the 530 interaction of these microorganisms with plants, the chemical nature of JA biosynthesis in fungi, 531 mechanisms that regulate this pathway in fungi and other microorganisms and design simpler 532 and viable technological strategies to produce jasmonates in these fungi in order to satisfy the 533 high demand for these products.
534 Nowadays, it is envisioned that JA and its derivatives continue to be used in the biomedicine, 
